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SUMMARY

Pressuredistributionsontwowing-bodycqnbinaticmshavebeen
obtatiedata Mch numberof1.9totivestigatethewing-bodyinter-
ference.A rects.ngulm?wing,a triangularwing,anda cylindrical
bodywithan ogivenosewerestudiedaloneendincombination.Both

wingshada spanof14 inches,en aspectratioof 2$ anda 5-percent-
thickdouble-wedgecrosssection.Thewingsweremountedonthecylin-
dricalportionofthebody.Theinvesti~timnwasconductedovera
rangeofanglesofattackvary5ngin 2°incrementsfrom-4°to4°.

Thepressuredistributionsoverthewing-bodycombinationcom-
paredfavorablywiththeoreticalcalculationsbasedprimarilyona
generalizationofthemethodofNielsenandWtteson,exceptat the
rootsectionofthewingswherethekmndarylayerofthebodymodi-
fiedtheflow.

INTRODUCTION

Althoughthechezacteristicsoftheflowaboutthinwingsand
aboutslenderbodiesofrevolutionina supersonicstieamhavebeen
extensivelystudiedinthepastfewyears,informationconcerning
theeffectsofinterferencebetweenwingemdbodyisstillneeded.
Theoreticalstudiesoftheproblemusinglinearizedtheoryarepre-
sentedinreferences1 to5. lhreference6,themethodof charac-
teristicswasused. Littleexperimmtaldataareavailable,however,
~rticularlyonpressuredistributions.Van Dyke(reference7)has
reportedforcemeasurementsandCramer(reference8)hasgivensome
resultsthatarecoqmredwithFerrari1sstudies(reference2).

.
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In theinvestigation
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reportedherein,whichwasconductedat the
NACALewislaboratory)static-pressuresurveysweremadeat a Mach
numberof1.9ontwowing-bodycombinations;onewingwasrectangular
andtheothertriangular.ThewingsandthebodywereInvestigated
separatelyforcomparison.Theresultsarecomperedwiththeoretical
calculationsbasedprimarilyonthemethodofreference4,whichwas
generalizedtoincludesomeangle-of-attackeffects.
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o
g

APPARATUSANDPROCEDURE

Thewing-bodycombinationwereInvestigatedintheNACALewis
18-by 18-inchsupersonicwindtunnel.TheMachnumber,obtained
froma tunnelcalibrationsurvey,was1.90&.01inthevicinityof
themodels.Thetotal-pressurevariationalongthemod@s was
kO.5percentandwasthereforeneglected.ThetestReynoldsnumber,

.;

basedonthertteanwingchord,was1.64x 106.

A photographofthemodelsinvesti~tedis@own infigure1
anda sketchofthemodelsshotigprincipledimensionsandtheloca-
tionof static-pressureorificesispresentedinfigure2. Pressure
surveysweretakenat 2°incrementsinangleofattackfrom-4°ti4°=
Thepressureswerephotographicallyrecordedfrommultiple-tubemano-
meterboardsusingtetrabromoetheneas theworkingfluid.

Thean@e of attackofthemodelwasmeasuredwitha catheto-
meterdur~ eachtest. Angleswereaccurateto *.O1°.Becauseof
thelowaspectratioofthewings,aeroelasticdeformationofthe
wingsectionswasconsiderednegligible.

THEORY

Thedifferentialequaticmforlinearizedpotentialflowis
assumedtoapply.Soluticmsmaybe linearlysuperposedtoobtain
theflowovera -icular ccmfiguration.Theboundaryconditian
fortheflowisthatthenormalvelocityiszeroatthesurface.

Thewing-bodyproblemmaybe solvedby startingwiththesolu-
tionforthewingalone(reference9 or10)andthebodyalone(refer-
ence11 or12). Whenthesesolutionserecombined,theboundarycon-
ditionsereno lcmgersatisfiedbecausethebody(atangl.eofattack)
generatesanupwashintheplaneof thewingandthewingcausesa
flowthroughthebody.A wing-interferenceyotentlalanda body-
interfere~epotentialareintroduced,whoserespectivefUUCtimS ==
to canceltheupwashintheplaneofthewingandtocanceltheflow
throughthebody.
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Consider
(reference12
resdilyfound
consideringa

3

thewinginthepresenceof theknownbodyupwashfield
or13). TherquiredW@ interferencepotentialis
by the’methodgiveninreference14,whichemountsto
wingwitha localangleofattackequalto thelocal

u-h inducedby thebodydividedby thefree-streemvelocity.In
ordertoavoidinfinitesideweshatthe“wing-bodyjuncture,the
upwashistakentobe continuoust&roughtheblamketedportionofthe
wing(regionofthe*g coveredby thebmly).

Thewing-interferencepotezrbialplusthetwobasicsolutions
satisfytheboundaryconditimsonthewholewingandonthebodyin
thereglcmofno interactia.Theremainingproblemconsistsincsm-
celingtieflowgeneratedthroughthebodyby thetwowingpotentials,
withoutdisturbingtheboundaryconditionsonthewing. Thelatter
conditionTZLUautomaticallybe satisfiediftheproblemcanbe
treatedas symmetricwithrespecttatheplaneof thewing.

Inreference4, l?ielsensndMattesondescribean approximate
methodtodeterminethebodyinterferencesolutionforsymaetiic-
flowproblems.Thebodyissymmetricallydividedintoplanecontrol
areaswithfinitelinepressuresourcesplacedon eachcontrolsurface
nornmltothefreestream.Thenormalvelocityisaveragedovereach
areaandthestrengthsof successivesomcesaredeterminedtaking
5ntoaccounttheeffectofonelinesourceonanother.Becausethe
procedureofreference4 givesa symmetricsolution,no flowis
inducedacrosstheplsneof thewing.

Fora sptrical wing”mountedonthebodyat thecenterline
withbothwingand@dy at zerosngleofattack,theflowis symmetric.
Also,thoseportionsofan unsymmetricflowwy be treatedas symmetric
thatarenotinfluencedby anyportionofthebody(intheregionof
interaction}~ing on theoppositesideoftheplaneofthewing.
Forexample,intheconfigurationsshowninthefollowingsketch,no
body-interferencepotentialisrequired~ regionI; inregionII,
thebodyinterferencepotentialmy be foundby consideringa symmetri-
calproblem;andinregionIIItheproblemmustbe consideredas
Unsymmetric.

.
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Withtheprocedurespreviouslydiscussed,thepressuredistrib-
utionfora rectangular*g-body combinationoanbe calculatedin
regions uninfluencedby the~ng &ailing&ige(similartothecon-
figurationinsketch(a)).Thetriangularwinginvetitigatedactually
hada slightlysubsonicleadingedgebutwasassumed,foreaseincom-
putation,tohavea sonicedgeandisconsequentlysimilarto
sketch(h). Thetriangular-wingsolutionyieldsinfinitesidewash
at thetitersectlonoftheleadlngedgewiththebody.TMs infinite
sidewashwasreducedtofinitevalues,beforecalculatingthebody
interferencepotential,by distributionlinesourcesandsinksinthe
mannerdiscussedinreference4.

Superpositionoftherectangular-wingsolution,thewing-
interferencesolutionsandthebodysolutionresultsindiscontin-
uitiesinthepressuredistribution“onthebody.Thebody-interference
solutionshouldthereforehavecorrespondingdiscontinuitiesofthe
samemagnitudebutofoppositesigu,inasmuchas thepressuredistri-
butiononthebodyshouldbe continuous.Thiscontinuityofthepres-
suresonthebodyisknownfromthefactthatalldisturbancesonthe
bodyduetothewingarepro~~tedalongMachcones,whichgenerate
nopressuredisconthmitiesinlinearizedtheory.Thenormalvelo-
cities,however,areaveragedovergivenregionsofthebodyjcon-
sequently,thebody-interferencesolutionfailstogivethesedis-
continuities.Forthisreason,thebody-interferencepressureswere
soadjustedonthebodythatthepressuredistributionswerec~tti-

.

uouson thebody.
—
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u Anothereffectofavera#ngthenorm31velocitiesisthatthe
pressuresduetothepresenceofthewingactingintheregionon
th?bodybetweentheMachwedgefromtheleadingedgeof therectan-

:g gularwingandtheintersectionofthebodywitithe~ch conesfrom
theforemostpartofthewing-bodyjuncturearenotzero.An adjust.
mentwasthereforemadeso-thatthebody-interference~ressures
exactly~celed thepressureonthebodyduetothetig solution
inthisregion.NielsenoftheNACAAmeslaboratorypointedoutthat
thisregionshouldactuallyextendslightlyfartherdownstreambecause
thedisturbancesgeneratedby the$unctionofthebodyand“thewing
leadingedgewillbe propa~tedalongthebodysurfaceat theMach
angleratherthanalongMachcones.Thus,forexample,thedisturb-
ancewillfirstreachthetopofthebodya distemcebRYr/2,where
S isthecotangentofthe~ch angledownstreamof thewingleading
edgeand R isthebodyradius,ratherthan ~fi as assumedin
thecomputation.The
indicatedby ordinary

last value”wasusedbecause”itistheresult
lineartheory.

RESUITS

Experimentaldataarepresentedandcomparedwiththeoretical
resultsinfigures3 to13. ThepressurecoefficientCp andthe
changeinpressurewithangleofattackdCp/da,bothevaluatedat
a= 0,areplottedforeachorificelocation.Witiinthelf~ted
rangeofanglesofattackof theinvestigation,thefairedvariaticn
of Cp withangleofattackwasapproxi~tely-linear.Theexperi-
mentalresultsforthe%&y alone,rectangdarwingalone,m tri-
angularwingalonearegiveninf’fgures3, 4, and5,respectively.

figure3 theexperimentalvalue
of dCp/dawhere

19is theangle
sine’

measuredaroundthebodyfromthe.~1~~ ofthewing,isobtaintiby

In

averagingthevariousvaluesof ‘= Theagreementbetweentheory

andexperhnentinfigures3,4, and5 isthebasisfordetermining
theaccuracyoftheinterferencecalculation.Forexample,ifthe
differencebetweenexperimentandtheoryfora componentincombi-‘
nationiswithintheorderofagreementexistingbetweentheoryand
experimentforthec~yo~nt alone,theagreementis consideredgood.

RectangularWingandBody

Resultsfortherectangularwinginthepresenceof thebcdyare
presentedinfigure6. BecauseoftheMu?genoseangleof thebody
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(30°halfangle],. fairlystrongshockwasgenemted(flg.14). In
theneighborhoodofwe wingtip,theshockwaveoccurredapproxi-
mately2 inchesupstreamofthel+hchwaveass~edby lineartheory.
As a resultthepre6surespredictedbylineartheory,intheforward
partof thetipregim,arehigherthantieexperimentalvalues.As
shownintheschlieremphoto~aph,thenoseqhockreflectsoffthe
tunnelwallsandintersectsthewingtip. Becauseoftheincrease
Inpressureacrossthereflectedshock,theexperimental@ues are
higherthanthoseobtainedby llneartheoryintherearwardportion
ofthetipregion. In the planeofwing,however,thebodydoesnot
directlycauseanychangeinpressureduetoangleofattack.More-
over,theshockpositiondoesnotvaryappreciablyovertherangeof
anglesofattackofthetivestigation.Theeffectsoftheshockand
itsreflectimthereforecauseno discrepancybetweenthetheoretical
andexperimentalvaluesof dCp/daonthewing.

At therootsection,theboundarylayerofthebodymcxiifhdthe
flowoverthewing. Inparticular,thediscontinuityintheslope
ofthewingwassoftened,therebydecreasingthepressurechangepre-
dictedby Mnear theory.At thewingmidspanposition,noneof these
difficultiesoccurredandcloseagreementbetweenMnear theoryand
experimentwasobtained.

~ ordertoillustratetheeffectofthepresenceof thebodyon
thepressuresactingontherectangularwing,theincrementsACP and

A% duetothepresenceofthebodyarepresentedinfigure7. The

theoreticalcurvesandtheexperimentalpointswereobtainedby taking
thedifferencebetweencorrespondingvaluesinfigures6 and4. For
zeroangleofattack,thesectionwavedragofthewingincombination
islessthanthecorrespondingsectianwavedragofthewingalone,
iftheincrementinpressureisnegativeoverthepositivelysloped
portionofthewingandpositiveoverthenegativelyslopedportion.
h therootsectiontheexperimentalpoints,butnotthetheoretical
curve,indicatelesssectiondrag. EI themidspanregionthee~eri-
mentalpointsindicateslightlylesssectimdrag,whereasthesection
dragindicatedby thetheoreticalcurvereminsaboutthesame.In
thetipregion,boththeoreticalandexperimentalvaluesindicatean
increaseintiesectiondrag,whichistobe e~ectedinasmuchas the
tipregim of therectangdarwingisinfluencedby thepressuregra-
dientassociatedwiththenoseofthebody. Beoauseofa largereduc-
ticminthedzagof thewingduetotheblmketingofthecentersec-
tion,theover-allwave-g ofthecombinationisprobablylessthan
thesumofthewavedragsofthecomponents.

.

N
o
P~i,.

.,

.

,.* .—



NACARM E5W09.

. Tmasmuchas

7

theincrementin d~~da isnegativeon thetopsur-

N
r-l
%

.

.

faceofthewing,thesectionalliftisgreaterthanthecorresponding
sectionalliftof thewingalone.Thisresultistobe expected
becausethepresenceofthebodyat angleofattackcausesan upwash
field,whichincreasestheeffectivewingangleofattack.(Seethe
sectionTEEORY.)

Theexperimentalvariationof Cp end dCp/daonthebodyin
thepresenceof@e rectangularw5ngispresentedtifigures8(a)
and8(b),respectively.Closeagreementwasobtainedfortheslope
ofthepressurecoefficientcurve.Forzeroangleofattack,the
trendoftheexperimentalpoints&.ndthetheoreticalcurvesappear
tobe similar.Thequantitativeagreementisoftheorderobtained
forthewingsendthebodyalone.

Theincrementsin ~ and d~/da onthebodyduetothe
presenceofthewingarepresentedinfigures9(a)and9(b),
respectively.~ figure9(a)thedirecthfluenceofthewingis
notedintheincreasesanddecreasesinbodypressurecoefficient
in the regions

respectively.
an increasein
wing.

influencedby thepositiveandnegativewingslopes,
dCpBecausethe Ax curveinfigure9(b)isnegative,

liftresultsonthebodyduetothepresenceof the

TriangularWingandBody

Theexperimentalresultsforthetriangularwingin thepresence
ofthebodyareshowninfigure10. Reasonablygoodagreementwith
linesrtheorywas”obtainedatallstationsexceptfortherootsec-
tionat a = 0,where,aswasnotedinthecaseoftherectangular
wing,thetheoreticaldiscontinuityb pressureismodifiedby the
boundarylayerofthebody. Inasmuchas thebodynoseshockwas
notnearthetriangularwingatanypoint,thepoorcorrelaticm
betweentheoryande~erlmentnotedintheoutboardregicmo%the
rectigular*g doesnotoccurforthiscase.

TheincrementsACP a A% on thetrisqgd.arwingdueto

thepresenceofthebodyssepresentedinfigure1.1.At theoutboard,
sectionA, theexperimentalpointsandthetheoreticalcurvefor
a = O indicatea slightdecreaseinsectiondragrelativeto thedrag
ofthewingalone.At themidspsnsectionB, theexperimentalpoints
indicatea sM@t decreasein sectiondrag,whereasthetheoretical
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curveindicatesthatthesectiondragreminsaboutthesamefor a = O.
Boththeexperimentalpointsandthetheory“attheinbcxuxlsectim C

—-—

showa sizeabledecreaseinsectiondragoverthatforthetriangular
wingaloneat a = O. Thusat zeroangleofattack,theover-all

—

wavedragof thetriangularwing-bodycombhationislessthanthe
Nl-l

sumofthewavedragsofthecomponents.A% sectionsA andB, the 8
fact.thattheexperimentalpointsof AdCp/daarenegativeindicates
a slightincreaseinsectionlift,althoughthetheoreticalcurvesat ,
thesestationsindicatethatthesectionliftremainsunchanged.At —
therootsectionC,bothlineartheoryandexperimentshowa decrease
insectionlift.

~erim=tal resultsfor Cp and dCp/daonthebody’inthe
presenceofthetriangubrwingarepresentedinfigures12(a)and
12(b),respectively.Thedifferencebetweenexperimentandlinear ,
theoryinfigure12(a)isverynearlythatdisplayedby thecurves

.

forthebodyalone(fig.3),whichindicatedthattheinterference
wasacmratelypredictedby thetheory.Thisagxeementisalsoshown
infigures13(a)and13(b),wherethedifferencesin Cp and dCp/da
forthebodyin ccmldmationwiththetriangularwingandthebody
alonearepresented.

-=

CONCLUDINGREMARKS

Experimentalpressuredistributionsat a Machnumberof1.9were - ‘-
obtainedfora rec+xmgularwinganda triangularwingincombimatim
withan ugive-nosebody.

TheprocedureofNielsenend~ttescmwasappliedat zeroangle
ofattackanda generalizationofthismethodwasusedto calclilate
interferenceeffectsat@e ofattack.Theexperimentalresults
comparedfavorablywiththesetheoreticalcalculations,exceptat the
rootsectionofthewings,wheretheboundarylayerofthebodymodi-
fiedtheflowovertheslope’discontinuityofthewingandthereby
decreasedthepressurechangepredictedby lineartheory.

LewisFlightPropulsionlaboratory,
NationalAdvisoryCommitteeforAeronautics,

Cleveland,Ohio.
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